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Title of Utility Model: Double Integral A/D Converter 

[Abstract] 
[Object! 

It achieves high-speed and high- resolution A/D conversion. 
[Constitution] 

In an initial state, in a case where switches 24, 26 and 
12 are ON, a capacitor 13 is discharged. Then, a switch 23 is 
turned ON and the switch 12 is turned OFF to perform integration 
of a strange input Vx. Next, the switch 23 is turned OFF and a 
switch 22 is turned ON to make an inverse integration time m times 
as much as a period T suid count the value of m by an upper counter 
circuit 5a, whereby A/D converted upper bits can be obtained. 
Subsequently, the switches 24 and 26 are turned OFF and the switch 
25 is turned ON to hold an output voltage Va of an integrator 
1 to a voltage maintenance capacitor 61 and connect a regular 
input of a comparator 4 to attenuators 71 and 72, whereby A/D 
converted lower bits can be obtained from a time until the output 
of the integrator 1 crosses the reference level. Thus, after the 
conversion of the upper bits, its error is subjected to the inverse 
integration, whereby the conversion time does not get longer even 
if the high- resolution conversion is achieved. 

[Utility model registration claim] 

[Claim 1] An integrator and the 1st switch which inputs reference 
voltage VR into this integrator selectively. The 2nd switch which 
inputs the analog strange electrical potential difference VX into 
said integrator selectively. The attenuator which the output Va 
and reference voltage VC of said integrator are inputted, and 
outputs (Va-VC) /k+VC, The electrical-potential-difference cage 
which will hold the electrical potential difference in front of 
that if the output Va of said integrator is inputted through the 
3rd switch, input voltage is outputted when this 3rd switch is 
ON, and turned off. The comparator which compares said reference 
voltage VC inputted through the output of this 
electrical -potential -difference cage, the output of said 
attenuator inputted through the 4th switch, cUid the 5th switch. 
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The switch control circuit which gives said control signal of 
the 1st - the 5th switch, The high order counter gate which the 
output of said comparator is inputted, and passes or intercepts 
a clock to the high order counter of a counter circuit, The double 
integral mold A/D converter characterized by considering as the 
configuration equipped with the low order counter gate which the 
output of said comparator is inputted, and passes or intercepts 
a clock to the low order counter of a counter circuit. 



[Brief Description of the Drawings] 

[Drawing 1] It is the block block diagram of the double integral 
mold A/D converter of this design. 

[Drawing 2] It is the block diagram showing the exaanple of drawing 

1 equipment. 

[Drawing 3] It is a wave form chart explaining actuation of drawing 

2 . 

[Drawing 4] It is a wave form chart explaining actuation of drawing 
2 . 

[Drawing 5] It is the block diagram showing an example of the 
conventional double integral mold A/D converter, 

[Drawing 6] It is the explanatory view of drawing 5 of operation. 

[Description of Notations] 
VX Analog strange input 
Vref , VC Reference voltage 
1 Integrator 

4 Comparator 

5 Counter Circuit 

6 Electrical-Potential-Difference Cage 

7 Attenuator 

8 Switch Control Circuit 
22-26 Switch 

91 High Order Coxinter Gate 

92 Low Order Counter Gate 

[Detailed explanation of a design] 
[0001] 

[Industrial Application] 

This design realizes the double integral mold A/D converter with 
which high resolution is obtained easily. 
[0002] 

[Description of the Prior Art] 

Drawing 5 is the block diagraun showing cUi example of the conventional 
double integral mold A/D converter . In drawing 5 , 1 is an integrator 
and consists of an operational amplifier 11, a switch 12, and 
a capacitor 13 . The non-inversed input terminal of an operational 
amplifier 11 is connected to a groxind, and the switch 12 and the 
capacitor 13 are connected to juxtaposition between the inversed 



input terminal and the output terminal . The switch 21 and resistance 

31 by which the series connection was carried out are minded ( of 
this integrator 1 ] , and it is the reference voltage Vref of plus. 
The switch 22 and resistance 32 by which the series connection 
was carried out while being inputted are minded, and it is reference 
voltage -Vref of minus . It is inputted, the switch 23 and resistance 

32 by which the series connection was carried out are minded further, 
and it is the cuialog strcuige electrical potential difference Vx. 
It is inputted. 4 is the comparator which consisted of operational 
amplifiers, anon-inversedinput terminal is connected to a ground, 
an inversed input terminal is connected to the output terminal 
of BXi integrator 1, cuid the output terminal is connected to the 
counter 5 . 

[0003] 

In such a configuration, drawing 6 is the explanatory view of 
drawing 5 of operation. In aui initial state, a switch 12 is ON, 
and if A/D-conversion actuation starts, it will become off. And 
in A/D-conversion actuation, a switch 21 is interlocked with 
switches 22 and 23, and off actuation is switched on and carried 
out complementary. That is, a switch 21 is turned OFF, switches 
22 and 23 are turned ON, and A/D-conversion actuation is reference 
voltage-Vref of minus. Analog strange electrical potential 
difference Vx Time amount tl which integrates with the sum A switch 
21 is turned ON, switches 22 cUid 23 are turned OFF, and it is 
the reference voltage Vref of plus. Time amount t2 which carries 
out a reverse integral It is divided. Time amount t2 By measuring 
with a counter 5, it is the analog strange electrical potential 
difference Vx. It is convertible for digital data. 
[0004] 

[Problem (s) to be Solved by the Device] 

However, although the clock frequency of a coxmter needed to be 
raised in order to shorten a conversion time in a configuration 
like the double integral mold A/D converter shown in the 
above-mentioned conventional technique, a clock frequency was 
not made as for making it high to infinity from the limitation 
of a circuit, but the thing of a high resolution had the technical 
problem that a conversion time was long. 
[0005] 

This design is accomplished based on the technical problem of 
the above-mentioned conventional technique, and it aims at 
offering a high speed said a double high resolution integral mold 
A/D converter. 
[0006] 

[Means for Solving the Problem] 

Configuration of this design for solving the above-mentioned 
technical problem Integrator The 1st switch which inputs reference 
voltage VR into this integrator selectively. The 2nd switch which 
inputs the analog strsuige electrical potential difference VX into 
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said integrator selectively, The attenuator which the output Va 
and reference voltage VC of said integrator are inputted, and 
outputs (Va-VC) /k+VC, The electrical-potential-difference cage 
which will hold the electrical potential difference in front of 
that if the output Va of said integrator is inputted through the 
3rd switch, input voltage is outputted when this 3rd switch is 
ON, coid turned off, The comparator which compares said reference 
voltage VC inputted through the output of this 
electrical-potential -difference cage, the output of said 
attenuator inputted through the 4th switch, and the 5th switch. 
The switch control circuit which gives said control signal of 
the 1st - the 5th switch. The high order covmter gate which the 
output of said comparator is inputted, and passes or intercepts 
a clock to the high order coxmter of a counter circuit. The low 
order counter gate which the output of said comparator is inputted, 
and passes or intercepts a clock to the low order coxmter of a 
counter circuit It is characterized by considering as the 
configuration which it had, 

[0007] 

[Function] 

Since resolution can be improvedby performing the reverse integral 
of the error after high-order-bit conversion, even if it is a 
high resolution, a conversion time does not become long from the 
conventional thing. 

[0008] 

[Example] 

Hereafter, this design is explained based on a drawing. 
Drawing 1 is the block block diagrcun of the double integral mold 
A/D converter of this design. In addition, the explanation which 
gives the same sign to the saone element as drawing 5 , and overlaps 
in drawing 1 is omitted. In drawing 1 , a switch and 6 are 
electrical-potential-difference cages, and if input voltage is 
outputted and a switch 24 is turned off when a switch 24 is ON, 
the reference voltage from which VC serves as criteria of conversion 
termination of a high order bit, and 24-26 will hold the electrical 
potentialdifference in front of that. 7 is sm attenuator, considers 
the output Va and reference voltage VC of an integrator 1 as an 
input, and outputs (Va-VC) /k+VC (k is a multiplier) . A comparator 

4 measures the output of the electrical-potential-difference cage 
6, and the output of switches 25 and 26. 8 is a switch control 
circuit and gives the control signal of switches 22-26. 91 is 
the high order counter gate, and passes or intercepts a clock 
to the high order counter of a counter circuit 5 with the output 
of a comparator 4 . 92 is the low order counter gate, and passes 
or intercepts a clock to the low order counter of a counter circuit 

5 with the output of a comparator 4. 
[0009] 

Here, drawing 2 is the example of drawing 1 equipment, and shows 
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the example of a 16 -bit A/D converter. In addition, the explanation 
which gives the same sign to the same element as drawing 1 , and 
overlaps in drawing 2 is omitted. In drawing 2 , 61 is 71, and 
the capacitor for electrical -potential -difference maintenance 
and 72 are attenuators, and let the magnitude be the attenuator 
71: attenuator 72= 1:7. A 13 -bit rise counter and low order counter 
5b of high order counter 5a are the down counters of a triplet. 
Moreover, the relation of reference voltages Vref and VC is, when 
a clock period is set to T. VC=T-Vref /C-R, however C: Capacity 
of a capacitor 13 R: Consider as the resistance of resistance 
32, 

[0010] 

In such a configuration, drawing 3 and drawing 4 are the wave 
form charts explaining actuation of drawing 2 , and drawing 4 
is the wave form chart of each part which expsuided near [ time -of -day 
t2 ] drawing 3 . In drawing 3 and drawing 4 , as for an integrating 
capacitor 13, switches 24, 26, and 12 discharge by ON by the initial 
state. At time of day tl, ON and a switch 12 are turned off for 
a switch 23 from time of day tO, and it integrates with the analog 
strange input VX. 
[0011] 

If it supposes that the time amount Tl (=tl-tO) at this time is 
fixed and carries out by n times the cloclc period T Tl=n-T, however 
n become integral relation, and are the output voltage Va (** 
in drawing 2 ) of the integrator 1 in time of day tl . It is expressed 
with Va(tl) =- (n, traveler's check, andR) and VX=VO. 
[0012] 

From time of day tl, at time of day t2, a switch 23 is turned 
off and a reverse integral is turned off for a switch 22 as ON, 
If time of day t2 is time of day when the following clock which 
the output of a comparator 4 reversed starts, it supposes that 
the time amount T2 (=t2-tl) at this time is fixed suid it carries 
out by m times the clock period T T2=m-T, however m integral 
relation -- becoming output voltage Va (** in drawing 2 ) of 
the integrator 1 in time of day t2 Va(t2) =V0- (m, traveler's 
-check, andR) / VR -- moreover It is expressed with 0 <=Va(t2) 
<VC= (traveler's checksindR) auid VR. 
[0013] 

For this reason, 13 bits of high orders of an A/D- conversion result 
are obtained by counting the value of m by high order counter 
5a. 

(m/n) -VR<=VX<{ (m+1) /n} and VR [0014] 

From time of day t2, OFF and a switch 25 are turned on for switches 
24 cuid 26. Thereby, the output voltage Va (** in drawing 2 ) of 
the integrator 1 at time-of-day t 2:00 is held to the capacitor 
61 for electrical -potential -difference maintenance, and the plus 
input of a comparator 4 is connected to attenuators 71 and 72. 
Here, if output ** of an integrator 1 makes T four time amount 
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which crosses reference level from time of day t2 and T four/T 
will be changed by the triplet, the lower bit of A/D conversion 
will be obtained. 
[0015] 

The negative input voltage Vb (** in drawing 2 ) of a comparator 
4 is after time of day t2 . Vb=VX- (m/n) VR= (T-f our/T) VC one side 
and plus input electrical potential difference Vy (** in drawing 
2 ) of a comparator 4 It is expressed Vy= (Va-VC) / 8+VC. Moreover, 
if it will suppose that the time aunoxmt T6 (t3-t2) at this time 
is fixed if time of day when the following clock which the output 
of a comparator 4 reversed starts is set to t3, and it carries 
out by p times the clock period T T6=p-T, however p become integral 
relation, and are the plus input electrical potential difference 
Vy of the comparator 4 in time of day t3 . Vy=VC- (1/8) and { (pT+T4) 
/CR} VR = (TVR/CR) {l- (1/8) (p+T4/T) } 

It is expressed. Since T four/T is besides smaller than 1 in a 

formula It is set to T f our/T=l- (1/8) p. 

[0016] 

Therefore, it is an A/D- conversion result by carrying out the 
down count of the p by low order counter 5b. (8-p) It is set to 
+mx8 . 
[0017] 

Thus , from the conventional thing, since resolution can be improved 
by performing the reverse integral of the error after 
high-order-bit conversion according to the above-mentioned 
example, even if it is a high resolution, a conversion time does 
not become long. 
[0018] 

[Effect of the Device] 

As mentioned above, as concretely explained with the example, 
according to this design, a high speed and a doiible high resolution 
integral mold A/D converter are realizable. 
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